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5,013,727 The present invention relates to a pharmaceutical position useful for the treatment of colitis ulcerosa and Crohn's disease, currently denominated "inflammatory bowel diseases' (IBD). The invention also relates to a method for the treatment of IBD.
Colitis ulcerosa is a chronic inflammatory disease of 20 the colon of unknown etiology. In its acute stages it resembles an infectious disease, but no microorganism has been definitively established as its cause. The dis ease causes inflammations of the mucosa of the colon, with extension to the submucosa in severe cases. Typi cally, not only the colon, but also the rectum is at tacked, but only rarely is the ileum involved. The ulcer formation and its extent vary with the developmental stage of the disease, but can often be detected macro scopically (sigmoidoscopy and colonoscopy). For an exhaustive discussion of the disease and the various surgical and medical methods of treatment reference is made to "Ulcerative colitis', Goodman & Sparberg, Wiley, New York 1978. The related disease, Crohn's disease, also known as regional enteritis or colitis granulomatosa, which is also discussed by Goodman & Sparberg, is most frequently located in the small intestine (small bowel), especially in the ileum, but may also affect the jejunum and any part of the colon, including the rectum. In the latter case the differentiation of Crohn's disease from ulcerative colitis give rise to great diagnostic problems. Generally, the inflammatory reactions differ from that of colitis ulcer osa by progressing to layers deeper than the mucosa and affecting the epithelium in a lesser degree.
A thorough review of the state of the art with regard to both diseases are given by J. B. Kirsner, JAMA, Feb. 8, 1980, vol. 243, No. 6. Both diseases have become increasingly frequent especially in the developed countries, and it is estimated that the number of IBD patients in the United States alone exceed 500,000 people, and that the figures con tinue to increase (Goodman & Sparberg). Therefore, treatment of IBD has become one of the most important problems of modern medicine.
The medical treatment will be further expounded below, but it should briefly be mentioned that failure to respond to medical treatment invariably necessitates surgery, where the standard surgical operation in the treatment of ulcerative colitis is total proctocollectomy (removal of the colon and rectum) with a permanent ileostomy. According to Kirsner, op. cit. 15 Another drug which has been used for years, espe cially in the treatment of colitis ulcerosa, is sulfazalazine (salicylazosulfapyridine, SASP) consisting of sulfapyri dine (SP) and 5-aminosalicylic acid (5-ASA) coupled via an azo-bond. The mode of action of SASP is un known (Azad Khan et al., Lancet, 2, 1977, p. 892-895), but it has been shown that when sulfazalazine is taken by mouth, the ordinary mode of administration, it reaches the colon intact where it is split by bacteria into SP and 5-ASA, cf. the following reaction scheme:
So far it has chiefly been assumed that the effect of the drug was primarily due to a topical action on the ulcer sites, Peppercorn and Goldman, Gastroenterology 64, 1973, p. 240-245, but there is still no consensus among researchers whether the effect should be ascribed to the coupling product SASP or one or both of the moieties SP and 5-ASA. One of the difficulties is the limited clinical examination material so that the statistical reli ability of the reported results is open to discussion. An important contribution to the knowledge in this field was made by Azad Khan et al., op. cit., who con pared SASP, SP and 5-ASA administered rectally and concluded that the therapeutically active moiety was 5-ASA and that SP only acts as a "carrier' to ensure that 5-ASA is not released until it has reached the colon. Azad Khan chose rectal administration and not oral administration, which is the ordinary mode for SASP, because previous studies of absorption in healthy pa tients had shown that free 5-ASA is absorbed from the small bowel in particular the jejunum, which was con sidered inappropriate as it prevented topical action in the colon.
This same point of view is held by Willoughby et al., Scand. J. Gastroent. 1980, 15, 715-719, who undertook enema studies on the derivative N-acetyl-5-aminosalicy lic acid (5-AcASA). They concluded that 5-AcASA resembled 5-ASA in its effect on the inflamed mucosa in ulcerative colitis, but that neither were suitable as oral agent. Instead they suggested further studies into substi tuted salicylates.
Consistently therewith J. B. Kirsner, op. cit., in his review article concludes that therapeutic hopes for the future amongst other things include the combination of 5-ASA with a carrier molecule that is less toxic than sulfapyridine.
The work of Azad Khan et al., which has been con firmed by van Hees et al., Lancet, 1, 1978, p. 277, has 5,013,727 3 not carried enough conviction to prevent Fischer and Klotz, J. Chromatography, 162 (1979) , p. 237-243 from stating that till now SP has been considered the biologi cally active moiety of SASP, but that said two works have shown that 5-ASA also has therapeutic effect, so plasma concentration measurements of 5-ASA and its major metabolite 5-acetylaminosalicylic acid (5-AcASA) might be of some help in increasing the thera peutic efficacy of SASP and evaluating its mechanism of activity.
It should be mentioned that while it has been demon strated that SP is highly absorbed from the colon and then metabolized by acetylation and glucuronidation in the liver before it is excreted in the urine, the major part of the released 5-ASA is not absorbed but excreted in the feces, partly as 5-ASA and partly as 5-AcASA (Pep percorn & Goldman, op. cit., Azad Khan, op. cit., and van Hees et al., Gut, 1979, 20, p. 300-304) , a minor portion being excreted in the urine in the form of the metabolite 5-AcASA. The amount excreted in the urine varies from about 15% to 35% in said articles, where in several cases only healthy patients have been examined since the primary object was to study the mechanisms of absorption. However, it must be assumed that pre cisely the huge difference in absorption of SP and 5-ASA is one of the reasons why several researchers still believe that SP has its share of the responsibility for the effects of SASP.
Though Azad Khan thus found that 5-ASA when administered rectally exhibits a useful therapeutic activ ity like SASP, he excludes oral administration, and having observed a considerable instability of 5-ASA in aqueous suspension he proposes to synthesize a new compound without these drawbacks. The disadvan tages of SASP as such include a plurality of side effects, such as nausea and vomiting, skin rashes, anemia, ar thralgias, headache, etc., cf. Goodman and Sparberg, op. cit. which in case of severe attacks of colitis ulcerosa have inhibited the use of desirably high doses, which has made it necessary to combine the treatment with administration of corticosteroids with their well-known drawbacks.
Another serious disadvantage is that a considerable amount of the patients (up to 10%) are allergic to sulfa drugs, thereby excluding SASP treatment.
Conclusively, it might therefore be said that experts agree in the desirability of providing a drug with im proved activity over SASP, and in the possibility of achieving such improvement with 5-ASA as starting point. However, opinions are divided as to the signifi cance of 5-ASA, and it is considered inappropriate to use this compound because of its instability and because it is absorbed before it reaches the colon if it is adminis tered orally. If, however, the problems of stability could be solved it should be possible to use the compound in rectal drugs.
The object of the present invention is to provide an improved pharmaceutical composition useful for the to FIG, 4 showing the measurements of 3 to 7 days after the oral intake.
The invention is based on the fact that the rooted prejudice against oral administration of 5-ASA as free acid has surprisingly been overcome because in this mode, too, 5-ASA and its salts and esters have a useful therapeutic effect on colitis ulcerosa, in particular when administered in the form of sustained-release tablets.
Accordingly the invention relates to a pharmaceuti cal composition useful for the treatment of Colitis ulcer osa or Crohn's disease by oral administration, which comprises as essential active ingredient an effective amount of 5-aminosalicylic acid or a pharmaceutically acceptable salt or ester thereof in admixture with a pharmaceutically acceptable carrier.
The salts of 5-ASA may be acid addition salts, in particular the hydrochloride, but any pharmaceutically acceptable, non-toxic organic or inorganic acid may be used.
Also salts formed with the carboxylic acid group may be used. As examples may be mentioned alkali metal salts (K, Na), alkaline earth metal salts (Ca, Mg), but again any pharmaceutically acceptable, non-toxic Salt may be used. The Na-and Ca-salts are preferred.
In Danish patent applin, no. 1270,/77, available to public inspection and being incorporated herein by reference, a number of esters of ortho-, meta-and para salicylic acid are disclosed. Said esters are effective as ultraviolet ray screening compounds thereby rendering themselves useful in preventing solar burning. The dis closed meta-(or 5-) aminosalicylic esters and a number of related esters are also applicable in the composition according to the invention.
Applicable esters are e.g. straight chain or branched C1-C1s alkyl esters, e.g. methyl, ethyl, propyl, isopropyl, butyl, isobutyl, amyl, hexyl, heptyl, octyl, nonyl, decyl, lauryl, myristyl, ce tyl, and stearyl, etc., straight chain or branched C2-C18 alkenyl esters, e.g. vinyl, allyl, undecenyl, oleyl, linolenyl, etc., C3-C8 cycloalkyl esters, e.g. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl, etC., aryl esters, e.g. phenyl, toluyl, xylyl, naphthyl, etc., alicyclic esters, e.g. menthyl, etc., or aralkyl esters, e.g. benzyl, phenethyl, etc.
Generally speaking the proper selection of the active ingredient depends on the selected type of formulation, the disease pattern, especially the site and type of the disease, and the desired release of the active ingredient, as shall be further expounded below together with the concept "effective amount".
The physical state and solubility characteristics of the 5-ASA derivatives must be taken into account when selecting a suitable carrier composition for the ingredi ent.
The preferred active ingredient at present is the free acid, 5-aminosalicylic acid.
5,013,727 5 In the previous oral administrations of 5-ASA only the mechanism of absorption was examined, and it was concluded that the compound is essentially completely absorbed from the small bowel, as no noticeable amounts of 5-ASA or 5-AcASA were observed in the feces. The studies were exclusively made in animals (rats), cf. Peppercorn and Goldman, Gastroenterology 64, 1973, p. 240-45, or in healthy volunteers (Schröder and Campbell, Clin. Pharm. and Ther. vol. 13, No. 4, 1972) . The effect of SASP was, as mentioned, believed to be caused by topical action (Peppercorn et al., op. cit.) and accordingly no material on a possible effect of 5-ASA per os is available.
Without tying it down to any specific theory, it is believed that owing to three reactive groups -COOH, -OH and -NH, 5-ASA establishes hydrogen bonds to the linear proteins in connective tissues, i.a. in the colon, and thereby exerts a kind of a "depot effect' on colitis ulcerosa. This seems to be in good harmony with Fischer and Klotz, J. Chromatography 162 (1979) p.
237-243, who demonstrated very low serum concentra tions of 5-ASA and its metabolization product 5 AcASA by plasma concentration measurements after oral administration of 4 g of SASP.
A Crohn's disease also extends to or is limited to the colon and rectum, SASP has proved effective, but of course accompanied by its well-known side effects. As shown below in clinical tests on ileostomy patients up to 50% of the 5-ASA administered in the form of a composition according to the invention may be ab sorbed from the small bowel thereby rendering an effect on Crohn's disease highly probable.
In addition to the obvious advantages for the patients offered by oral administration rather than rectal, e.g. by way of retention enemas, oral administration of 5-ASA has a significantly advantage in terms of effect. For van Hees et al., Gut, 1979, 20, 300-304 (op. cit.) has demon strated that the absorption of 5-ASA from the cofon following administration of SASP is drastically de creased in case of diarrhoea which frequently accompa nies colitis ulcerosa, in particular in severe cases.
The effective oral dose depends on the extent of the disease and for adults it usually amounts to 0.5 to 1.0 g twice a day. Generally about 20 mg/kg body weight of 5-ASA or a salt or ester thereof (calculated as 5-ASA) will be the recommended initial daily dosage subject to adjustment in accordance with the observed results of the treatment. In particular the dosage for children should be adjusted by means of serum concentration measurements. 5-ASA and its derivatives can be formu lated as ordinary oral drugs such as tablets or capsules by admixture with suitable pharmaceutical carriers which are well-known to the artisan, e.g. lactose, maize starch, potato starch, and lubricants, e.g. magnesium stearate and talc. A preferred carrier constituent is a microcrystalline cellulose having approximately the same density as 5-ASA thereby preventing sedimenta A particularly advantageous slow-release tablet has been developed the preparation of which is illustrated in the following non-limiting example, based on the pro duction of 1000 tablets containing 250 mg of the active ingredient. (All ingredients pharmaceutical grade).
EXAMPLE
Preparation of granulate I 250 g of 5-ASA are granulated to a particle size of from 0.7-1 mm with 25 g of polyvinylpyrrollidone dis solved in isopropanol (1:9 w/w). Upon evaporation of the isopropanol the resulting dry granulate is sprayed with 45 g of ethyl cellulose dissolved in acetone (3:97 w/w) resulting in granulate particles individually coated with ethyl cellulose upon evaporation of the acetOne.
Preparation of granulate II 270 g of microcrystalline cellulose and 60 g of potato starch are granulated with about 33 g of the above polyvinylpyrrolidone solution to the same particle size.
The resulting about 320 g of the coated granulate I are mixed with a lubricant mixture of 3 g of sodium stearate and 27 g of talc and with dry granulate II to form 650 g of total granulate which are pressed to form tablets with a diameter of 13.5 mm and a weight of 650 mg/tablet containing 250 mg of 5-ASA.
The resulting tablets were used in the clinical tests described below. As shown in the tests with ileostomy patients about 50% of the active ingredient is released in the small bowel, the remainder being available to the colon. By controlling the release a preparation with predominant effect versus Crohn's disease or colitis ulcerosa according to the site of the disease of the indi vidual patient can be obtained. The above formulation is believed to represent an effective compromise applica ble versus both diseases.
Generally the release can be controlled by variating one or more of the following: (a) The particle size of the granulated active ingredi lease of the active ingredient in the small bowel is desir able, one may select a relatively small particle size, e.g. about 0.7 mm or less and a relatively thin coating, e.g. by lowering the ethyl cellulose amount used or select a more permeable coating material, and an active ingredi ent with a good solubility at pH 7.5 which is the prevail ing pH in the small bowel,
In case of colitis ulcerosa, where a delayed release of the active ingredient until the colon is reached is desir able, one may select an active ingredient having a good solubility at pH 6 which is the prevailing pH in the colon and a greater particle size, e.g. about 1 mm or more, and a relatively thick coating. The most effective composition of the tablet taking the individual patient's disease pattern into account can be found by routine tests once the pharmaco-kinetic relationships are more clearly established. 5,013,727 7 In particular the solubility, acidity, and susceptibility to hydrolysis of the different derivatives of 5-ASA, such as acid addition salts, salts formed with the carbox ylic group, e.g. alkali metal salts, alkaline earth metal salts, etc., and esters, e.g. alkyl, alkenyl, aryl, aralkyl, cycloalkyl esters, etc., under different pH conditions may be used as guidelines for the proper choice. Also suitable pH-conditions might be established within the coated particles by adding to granulate I besides the active ingredient a suitable buffer in accordance with the desired release pattern.
The invention also relates to a method for the prepa ration of a sustained release tablet. Besides the above-mentioned variations in order to obtain the desired release the tablet ingredients may also be variated. While the preferred organic solvent for the polyvinylpyrrollidone is isopropanol, other organic sol vents may also be used, as long as they do not in a significant degree act as solvents for the selected 5-ASA derivative.
While the preferred coating agent is ethyl cellulose other coating agents may also be used, provided they secure the desired release pattern. In particular a num ber of other cellulose derivatives must be assumed to be applicable.
Depending on the selected active ingredient one may also depart from the proportions laid down in the exam ple. In particular one may leave out Granulate II or Substitute for Granulate II a conventional pharmaceuti cal tablet carrier, provided that the active ingredient has the necessary stability.
CLINICAL TEST RESULTS
Before subjecting 5-ASA to clinical tests animal stud ies were carried out.
TOXICITY TEST
The acute toxicity in rats and mice was examined in accordance with the directions of Ph. Nord.
No toxic reactions were observed when 5-ASA was administered intravenously in doses op up to 500 mg/kg in mice and up to 200 mg/kg in rats. It is the purpose of the clinical studies described below to estimate the bioavailability of a sustained release type 5-ASA tablet (Pentasa (R)) of the composi tion described above in the example by the study of 5-ASA/5-AcASA plasma levels in healthy volunteers as well as the excretion pattern in urine and feces.
Furthermore the availability of 5-ASA for the small bowel alone was investigated in the ileostomy effluents of a group of patients.
METHODS AND MATERIALS
5-ASA tablet A sustained-release type tablet containing 250 mg of 5-ASA (Pentasa (R)). Only trace amounts of 5-ASA are released in the stomach at normal gastric pH. At pH 7.5 as is usual in the jejunum 5-ASA was released linearly in relation to time, all 5-ASA being released in 12 hours.
At pH 6, the usual acidity of the colon, the release of 6-ASA from the tablet, was reduced. This unforeseeable and surprising release pattern should in principle ensure a continuous release of 5 -ASA through the whole length of colon. AcASA in ileostomy effluents, feces, urine and blood were based on a newly developed HPLC assay com bined with fluorescens spectophotometry. The detec tion limit of the procedure was found to be less than 0.03 mg of 5-ASA/ml in biological fluids. 
Healthy volunteers
Fourteen healthy persons consented to volunteer. They had no previous or present symptoms or signs of gastrointestinal or other disease apart from uncompli cated appendectomy. There were seven females and Seven males. Mean age and age range were for the women 32.4 years and 29-37 years, and for the males 32 years and 24-40 years, respectively. Mean body weight and weight range were for the females 58.6 kg and 53-67 kg, and for the males 70.9 kg and 60-83 kg, re spectively. There were eight slow and 6 fast acetylators. Their biographical data are shown in table II below.
STUDY PLAN

Ileostomy patients
A single dose of two tablets of sustained-release 5 ASA, i.e. total dose 500 mg, were ingested at 8 a.m. by the fasting patient who thereafter took a normal conti nental breakfast, lunch at noon, and dinner at 6 p.m. Ileostomy effluents were collected every hour for eight hours (FIGS. 1 and 2) urine was collected over an 8 hour period and venous blood was drawn at intervals through the first eight hours (FIGS. 3 and 4).
Volunteers
Each subject took two 5-ASA tablets, i.e. 500 mg 5-ASA, three times a day for six days, at 8 a.m., 4 p.m. and at midnight except for the first day, where the two first ingestions took place at 9 a.m. and 5 p.m. The injections are shown by arrows on FIGS. 5 and 6.
The two tablets at 8 a.m. were taken by the fasting subject. Venous blood samples for determination of 5-ASA and 5-AcASA were drawn at intervals through out the first day (FIG. 5) and at 7.50 the following five days (i.e. before the 8 a.m. tablets were ingested) (FIG.  6) . Twenty-four hour urine and faecal samples were collected on the 6th day for quantitative determination of 5-ASA and 5-AcASA. Every day throughout the 60 study period of six days a single faecal sample Was 65 analyzed qualitatively for the presence of 5-ASA and 5-AcASA.
SAFETY MONITORING
In both parts of the study, ileostomy patients as well as the healthy volunteers filled in diary sheets concern ing Specified signs and Symptoms (nausea, vomiting, headache, dizziness, visual and auditory sensations, 5,013,727 abdominal pain or discomfort, constipation, diarrhoea, muscle-joint sensations and skin manifestations). Blood pressure and pulse rate were monitored and on-as well as off-study analysis of hemoglobin, reticulocytes, thrombocytes, leucocytes, coagulation factors, S-ala-5 mine-amino-transferases, Se-urea, S-Creatinin together with urine analysis for albumin, glucose and sediment were carried out.
ETHICS
All participants in the study were informed about the background, goals and procedures by oral and written instructions. Informed consent by signature was ob tained in all cases. O 10 tion of the tablets. At that time 58% of the ingested total dose was collected in the ileostomy bags. This portion was equally distributed among three parts: one third as free 5-ASA, another third as free 5-AcASA and the last third as 5-ASA 20 still retained in the granules. How ever, in three of the subjects the collecting time was expanded further up to 48 hours after ingestion ( see  FIG. 1 ). In one of these a further 20% 5-ASA was found indicating that more than one third of the 5-ASA was retained in the granules in this patient.
In the blood plasma the concentrations measured during the study are shown in FIG. 3 (individual values)  and FIG. 4 (mean values. Bars indicate total ranges).
Before ingestion of 5-ASA plasma concentrations were the mean from 1.7 to 2.2/ug/ml is maintained day 6 indicating that steady state levels are reached. The total range of 5-AcASA plasma concentrations in all four teen subjects on day six was from 1.20-2.83 lug/ml. Urinary excretions of free 5-ASA could not be re-5 corded. On day 6, in steady state, a mean of 737 mg 5-AcASA was excreted during 24 h (calculated as 5 ASA). The excretions ranged from 447 to 1304 mg per 24 h. The 95% confidence limits of the mean value of 5-AcASA excretions were 587-887 mg per 24 h.
In faeces a daily qualitative analysis showed presence of 5-ASA and 5-AcASA in morning samples from day 2 throughout the study. Quantitative analysis on day 6, in steady state, showed a total mean faecal excretion of free 5-ASA and 5-AcASA of 514 mg per 24 h, a range 15 from 84 to 877 mg and 95% confidence limits of the mean excretion of 378-650 mg per 24 h.
Thus in steady state condition on day 6 the mean recovery rate (daily ingested total dose 1500 mg 5 ASA) was 83%.
Also an analysis was made in an attempt to establish the faecal content of granules. However, the analysis was not carried out until 24 hours after the collection of the faeces, which means that some of the granules have released their content of 5-ASA. The average total of 25 5-10% therefore accounts for both released and non released 5-ASA. The important thing is that in case of patients instead of healthy volunteers the 5-ASA would have been available in the colon.
The tests did not show a significant variation accord-30 ing to differences in acetylator phenotype (slow and fast acetylators) indicating that the acetylation does not only take place in the liver but also in the tissues.
No results of analysis of control parameters pointed toward any untoward side effect, this being as to symp-35 toms, signs, biochemical analysis or examinations of urinary sediments. In this part of the study these exami nations were repeated at an interval of 1-2 weeks after conclusion of the study.
In conclusion, the above studies seem to indicate that the sustained-release 5-ASA (Pentasa (R)) is a suitable preparation for the treatment of colitis ulcerosa as well as of Crohn's disease, including cases with small bowel affection.
I claim: 1. A method for the treatment of ulcerative colitis or
Crohn's disease comprising orally administering an effective amount of a composition consisting essentially of a salt of 5-aminosalicylic acid in admixture with a pharmaceutically acceptable carrier so as to delay the release of said effective amount of 5-aminosalicylic acid to be administered essentially until the colon of the patient is reached. 2. A method according to claim 1, wherein the de layed release is dependent on the prevailing pH in the colon. Crohn's disease comprising orally administering an effective amount of a composition consisting essentially of a salt of 5-aminosalicylic acid in admixture with a pharmaceutically acceptable carrier so as to gradually release said effective amount of 5-aminosalicylic acid throughout the small intestine and continuously throughout the colon of the patient. 5. A method according to claim 4 wherein the 5 aminosalicylic acid is in the form of particles coated with a pharmaceutically acceptable coating material which will gradually release the 5-aminosalicylic acid upon arrival at the small intestine.
6. A method according to claim 5 wherein the coat ing material is ethyl cellulose.
7. A method according to claim 4, wherein the grad ual release is brought about by establishing suitable pH conditions in the composition. 8 . A method for the treatment of Crohn's disease comprising orally administering an effective amount of a composition consisting essentially of a salt of 5 aminosalicylic acid in admixture with a pharmaceuti cally acceptable carrier which will secure an early re lease of said effective amount of 5-aminosalicylic acid upon arrival in the small intestine. with a pharmaceutically acceptable carrier so as to delay the release of said effective amount of 5 aminosalicylic acid to be administered essentially until the colon of the patient is reached.
A method for the treatment of ulcerative colitis or
Crohn's disease consisting essentially of orally adminis tering an effective amount of a composition consisting essentially of a salt of 5-aminosalicylic acid in admixture with a pharmaceutically acceptable carrier so as to gradually release said effective amount of 5-aminosali cylic acid throughout the small intestine and continu ously throughout the colon of the patient.
12. A method for the treatment of Crohn's disease consisting essentially of orally administering an effec tive amount of a composition consisting essentially of a salt or 5-aminosalicylic acid in admixture with a phar maceutically acceptable carrier which will secure an early release of said effective amount of 5-aminosalicy lic acid upon arrival in the small intestine. 2k x. k k k
